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Water Quality Module Appendix

Background Discussion of Scientific Basis For Estimating the Effects of
‘Watershed and Management Impacts on Water Temperature

Stream temperature hos been widely studied and
the physical processes controlling heat transfer ars well
understood. Most researchers have used an energy
balance approach based on the physics of heat transfer
to deseribe and predict changes in stream lemperature.
Thee six primary processes by which heat is transferred in
aquatic enviranmentsare; 1) solar (shor-wawe imadiation,
2} radiation {long-wave) exchange with the sky and
vegetation, 3) convection with the air, 4) evaporation, 5)
conduction to the soil or streambed, and &) advection
from incoming water sources, Direct solarradiation is the
primary source of cnergy for heating streams while
reracliation of enargy 1o the sky and vegetation and
evaporation are the major sowrces of hest beds, Standing
water undérgoes the same heat transfer processes as
streams.  Most solar energy is abaorbed in the upper 2
meters of water, depending upon opacity and other
specific characteristics (Henderson-Sellers and Davies
1989}, Thisportionof the water column is mostsubjectta
heating and cooling with solar radiation and heatexchangs
with the air. Thus all streams and wetlands and shallow
lakes are affected by heat transfer processes described in
this module.

The netenergy balance, which is influencedby local
envirenmental factors, determines the water temperatuse
at a particular location at sany particular time.
Meteorological conditions averaged over the day explain
daily maximum, mean, and minkmiem tempershue (Edmger
and Geyer, |'968), A thorough discussion of heat transfer
mechanisms as they apply to forest stréams can be found
in Brown (1969}, Theurer and others (1984), ar Adams
and Sullivan {19940},

Tempsrature of & waterbody seeks equilibrium with
air temperature{Edingeretal,, 1968) as both react to solar
rediation with degree of edjustment primarily regulated
by the local environmentil fectors of proundwater inflow,
openness (o the sky, relative humidity, and water depth
{Adams and Sullivan, [990). The combination of these
factors ab & site determines the energy balance and
temperaure.

Heat can be transported downestream with flowing
water, although water temperature adjusis
to bocal environmental conditions as it moves. I7a stream
flows from an open reach into a shaded reach, it
will cool. Stream depth influences the rate of response
(Brown 1965, Adams and Sullivan 1990, Sinokrot 1993},
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Veery small, shallow streams respond rapidly, on the order
of hundreds to a thousand feet. Deeper streams, inchuding
most fish-bearing streams, respond more slowly and the
effect of the heating in the unshaded stream segment can
he felt farther downsiream, on the order of thousands of
feet. When numerous less shaded reaches exist, there
can be a downstream cumulative effect (Beachta and
Taylee, 1988},

Table G-al. Types of environmental variahles
affecting stream heating processes (from Sullivan &t
aL 1990).

GEMERAL EXAMPLE

VARIABLE

GEOGRAPHY latinsde, langitede, elevation

CLIMATE air temperature, relative
hamidy, wind velocity,
clondiness

STREAMUCHAMNEL  stresm depth, width,

CHARACTERISTHZS  velogity, substrate
compasition, water clarity

RIPARIAN OR sky-view (% shade), canopy

TOPOGRAPHIC density, vegetation heighn,

BLOCKIMNC crown radius, topographic
angle

Temperature patterns wilhip walgrsheds. Nos all

parameters are egually important for determining
temperatareregimes atall pessible stream locations within
the watershed. Rather, the relative importance of stream
wiith, depth, shading, proundwater inflow, and air
temperaturein determing stream temperaturetends to vary
systematically by stream reach location within the
watershed, Stream temperature tends @ inerease in the
downgiream direction from headwaters to lowlands, even
under mature forest conditions. Expected siream
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temperatare characieristics at a watershed scale are
schematically presented in Figure G-al providing &
concepiual fraspework for examining the interaction of
these processes a1 both watershed- and stream reach-
seales, This frameweark is thus kelpful for understanding
the wse of reach-specific shads characteristics for
estimating stream emperatureas described in this module.

Figure G-al depicts daily mean temperatures and
daily fuciuations in gream lemperatures. Mote that the
rethods i 1his module estimate the effecis of ehanges in
riparian vegetation at a stream-reach scale on the anfeal
rerximem lemperatareexpecied for that stream neach, This
time-scale was selected becauss it was the basis of the
temperatureelevation screen {Sullivan et al. 1990), and
because the siream emperature characterizations
produced by this medole can then be related to
Washington's annunl water temperature standard. In
addition, estimares of the anmeal maximum temperaiure
permit some nberpretation ahout stream lemperatires al
other time imervals {e.g., if daily fluctuations in stream
Iemperature increnss, the annual maximum lEmperature
wig ld, by definition, alse increass). Ongoing research
and data coliection on stresm temperalune processss 5
expectedto preduce additional methods to estimate siream
temperature at ather spatial scalies and time intervals,

At the walershed scale, the curve A-C of the apper
graph can be thought of as a probable longiadinal profile
af daily averape siream iemperamre forany given stream
within the basin. That iz, the curve describes, in a
qualitative way, the expected ncrease in temperamire as
the siream flows from point A 0 C (Theurer ot al, 1984
The expecied temperature 8t peint A is determined
primarily by the combined effects of the riparian canopy
in providing shading and the effectof groundwater inflow
in depressing siream tempernfunes below the local daily
mir temperatures [Sullivan and Adams, 1989 For high
elevation, or groundwater-dominaled streams such as
thoss close to source, the likely maxbmum summer
temperafine can be expecied to vary from about B-10dep,
C (Sullivan and Adams, 1990), Thiz lower curve from
point A to B thus races a “reference”™ temperature profile
that could be expected for streame under fally shaded
mature farests. The shape of this baseling temperanere
would be expected fo vary as a function of basin ar
temperatures, proundwater inflow, and differences in
mafural vegetation {Sullivan and Adams, 1990

Paint B on the upper schematic represents that point
along the stream where mean stream emperatures
equilibrate primarily to local air iemperatures. This point
is also refermed (o as the “threshold distance™ (Sullivan
et & 1990), In practice, this threshold distance is that
distance from the stream” sorigin where water tempemture
is primarily determined by air empamare.
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Figure G-al. Conceptunl diagram of increasing
temperaiure with distanos downstream from watershed
divide,

A, Daily Mean Temperature

Threshold Distance
B. Daily Temperature Flucwation

" Mawmum under

:‘n/n'phluly BpEn

A | ;
Threshald Distance
Distance from Watershed Divide

This tends to oocur where the average stream depth is
approximately 06- 1.0 meters and shade i not measursable,
Upstream of this threshold distance (point B), ripacian
shading sipnificantly affects stream temperaturs, and
determines; (1) the degrée 10 which average stream
temperatures are depressed bebow local daily average air
temperatures; and (2) the moge of the dably Nucnations
in stresm temperaiure (Le., maximum and minimum stream
temperatures)(Sullivanand Adams, 1989, which Cowesta
studies?), Similarly, the dashed upper curve shows the
expecied daily mean stream temperature expected for
reaches upstream of this threshold depth, This daiky
averape maximum temperature corresponds closely 1o
average daily basin air temperature. The hachured area
betwesn the upper and lower curves represents the
imcreases in daily mean sream temperaiune associsted
with varying degrees of mpanan canopy removal.
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For the down-river point C, the maximum stream
temperature is determined primearily by the basin air
temperafure. This 5 because low clevation, high-order
gireams tend to have: (1) relatively low contribution of
groundwater to tedal stream flow; {2) stream widths that
are too great for ripasian wegetationto provideapprecizhle
shading; and (3} stream deprhs suffizient to significanty
dampen the daily siream responss to solar heating
(Theurer et al, 1984, Sullivan and Adams 1990, Swream
temperatores that are raised above local air temperatures
cool by reradiation, convection and évaporation
processes, thus establishinga theoretbcalmaximum strearm
ternperature (Sullivan and Adams, [990). Thes, at point
i, the average stream iemperature eads o equillbrate
primarily to avernge air temiperasure.

The bwer schematic portrays a similar lengitudinal
stream temperature profike from the perspective of daily
fuctuations about the daily average temperature, For
reaches upstream of the threshold distance, stream depth
i3 key parsmeterthat determines how quicklythe stream
reach heats up, and kow great the daily Mocheation in
temperatures will ke, As 2 general rube of thumb, the
expecied range in daily stream fempersture fluctuations
can be up to 75-B0% of the duily Muciuation in lecal air
temperatunes {Sullivenand Adams 1990).

Assuming typical river walley formation, it appears
that the partbon of the watershed where vegetation has
some effect on waler iemperaturemay lie within 50-60 km
(31-37 miles) of the watershed divide in westeen
Washington (Sullivan et al, 19900, Specific canditions
within watersheds such as differences in valley form
accompanying geologic substrate may alter the
temiperabure profile and mowve the threshold for riparian
vegetationinfluence up or downstream, Somevalleyemay
b flactes or wider than averaps (e.g. gleciated terrain) and
some may be stesper and deeper (2.g. incised or
enrenched rivers). Ebevatlon, vegetation, and summer
nir temperature differences may also make these
relationships differ berween watersheds east and westof
the crest of the Cascade Mountains.

Determining shading effects of riparian vegetation,
The waterbody's view-to-the-sky {the inverse of which is
often inexactly referred to as “shade™) (Adams and
Sullivan, 1990} i= a majorenvironmental factar influencing
stream temperatare that can be affected by forest practices
(Beschia et al, 1987, |n the sbsense of riparian shade,
water temperature will be near oir temperature sxcept whers
groundwater infow is significant, The propontion of the
sky vigw that gtreamside vegetation can effectively block
determines the proportion that water temperatune will be
depressed below 2ir temperamine,
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FigureG-al, Conceplualdipgramof factors blocking
radiation exchange and view-to-the sky,

et N
e

Blocking of in-coming and out-going radiation is
determined by the height of sireamside vegetation and
topographic features within the overhead hemispherethat
i5 the stream s "“field of view™ (Figura G-a2), The effectof
bBlocking factors is very significant in small o moderate-
sized forested streams, helping o malnmain cool waler
temperature during warm summer months. Brown (196%)
demonstrated that consideration of direct beam radiation
to the stream surface is an imporantdeterminantof stream
temperature response o sobar input, Shade is a measure
of the effects of incoming direct beam solar radiacion.
However, as a measure of heat exchange, i fils w
adequately account for other important mechanisms that
black outgoing radiation, Adams and Sullivan (1990} and
Sullivan et al. {1920} used view=to-the-sky a5 a measure
of blocking in modeling stream temperanice with lintle o
nio koss of procision, There is some inaccurmey assaciabed
with using either view-to-the-sky or shade as a measure
of factors that account for both incoming and sutgaing
radiation. Since view-to-the-sky i far easier 1o estimane
than shade it is used in the calculations in this module.
Treatment of the more complex elements of shade and
solar angle as performed by Theurer et al. (1984) would
not appreciably improve results (Sullivan egal, 1990),

The ability of vegedation to block imeoming and
outgoing radiation depends on its height relative to the
widith of the water body. Along very small streams akmost
any vegstation and streambanks themselves will provide
shade, while (all trees and major topographic feanmes are
necessary for significant shading of larger rivers. Lakes
are often 100 wide for any vegetion 10 be an effective
control of waber temyperature. However, small or moderate-
sized lakes may not be fully shaded but they may still be
affected by the blocking of radiation by streamside
vegetation. The maximum potential shade depends on
the features of native vegetation

View-go-the-sky and water temperature. An
extensive study of temperature in ‘Washington smeams
canfirmed that watershed and landuse factors influenced
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waler temperature copsistent with previows research
(Sullivan et al. |990). Despite the complexities of site
conditions on local control of tempemture, the stedy was
also able te identify a simple relationship benaeen view-
to-the-sky and clevation that could be used o predict the
meximum allowable view-to-the-skythat would maintzin
temperanire within water quality criteria for purposes of
guiding riparian area management in state fores) practice
regulations. Referred to as the “temperature sereen”, the
data snd relationship is reprodweed in Figure G-ad)

Documentation of the basis of the simple model is
provided in Sullivan et al., 1990, see chapters 6 and 7).

Relationships for streams east and west of the Cascade
Mountain divide have been adopted as the lemperansre
sereen by the Washington Forest PracticesBoard{ WEPB,
1993) for use in prescribing shads requirements on a site-
by-aite basis.

Figore G-a3. Temperaturesereen for westside photted
with original data from Sullivan et al. (19940 Included
are 14 new data points from the Chehalis River,

Mate that the screen isolates regionsof the ebevation!
view relationships where annual maximum temperaturs
falls abowve or below 16,000, The lnewas (ined by eve w
best envelope the data. When siles are misclassified, the
screen tends to specify more shade than necessary (it
misses more bow emperature sites than high temperature
sites). Only one data point on Figure G-ad is warmer than
expected given the elevation anmd view-lo-the-sky of the
site. At low elevations, consldarable shade is required ta
maintain low temperature, and the definition of the
boundary is more muted. When comparing measured
varsus modeled resulis, analysts are reminded that the
screen is @ first order approximation of lEmpersiure
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adopted on the basis of eass of use and ressonable
nccuracy for prescribing forest practices.
slimating wiew on ation

Wulnerability to keat impat 15 determined by evaluating
potential temiperature based on fully mamre streamside
forest conditions and likelihood thas forest management
can reduce shade sufTiciently 1o excesd femnperabure
standards, Since forest mamagment has altered many
riparian forests from old growth forest conditions, thers
is rarehy data available for measuring fully shaded siream
conditions. This module provides a method for sstmating
the opennzss of the stream based on geomeiry of the
riparian setting |n the absence of measured data.

Figure G-ad, Definition shetch of view-to-the-sky in two
dimenseons.

Edpz of plans
coniining rays from point
in stream center to all tree tops
in all directions

hine (lemon wedge)
open b sky

180% = 2o,

-

Stream Width

by treea i1I|

M i

Geometric relationships can be applied o caleulate
the angle frem the sream center to the top of the blocking
clements. Intwo dimensions, the sky can be represented
a5 an are of 1805, and view-to-the-sky is the fraction of
the arc that is unobstracted (Figure G-ad}), Essantzally this
is in & vertical plane perpendicular 1o the stream banks.
The larper the anghe wilthout obstructions, the larger
view-{o-the-sky. Fora given maximum vegetation height
{iree or shrub as appropriste) and stream width, it is
possible 1o calculate view-1o-the-sky as the portion of
the horieon not blocked by vegetation and topography.

{Figure G-83). If the angle o 15 greater than the
hillslope anghe (&), then the stream does not “see™ trees
beyond the first solid bock of trees near the bank and a
is the appropriate angle for estimating view-to-the-sky
and the effects of topography can be ignored. [T the
nearstream angbe is bess than the hillslopes angle, than the
sidesboges provide mare blocking than the sireamside
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trees and topographic effects are significant. In this case,
the hillslope angle A is the appropriate engle to use for
the calculations. Topography may be 2 signilicant factoe
reducing wiew-to-the-sky along stream segments that ane
mioderately to tightly constrained

Sream width affecs view-io-the-skyby determining
the location of the closest vegetation te the stream center,
apd thus the angle and proportion of the averhead
hemisphere blocked (Figure G-aG). Small sfreams can be
nearly completely shaded by overhanging trees or shrubs,
Medium streams can be partialty shaded by troes of
suitable size. The largest streams get liftle shade from
even the tallest trees. It should be noted that the view-1o-
the-sky 5 not dependent on the angle of the sun, which
will vary during the year and with latitude, Using view-
to-the-sky as the measure rather than shade allows
estimates based on riparian geometry.

This 2-dimensional representation over-simplifies
the surface arsa of the 3-dimensional hemisphere above

Figure GG-a5. Effects of siream width on view-to-the-shy.

View-to-he-oky

Appendices to Water Juality Modwle

the stream. View-to-the-skyis the fractionof a hemisphere
centered over the stream which B unobstrucred by
vepatation or tapography {Figure G-a7). The hemisphers
extends from harizontal 1o vertical (0-90; of elevation),
andaraundil compass{(-3460; ofazimuth). View-to-the-
sky is therefors a 3 dimensional concept, There is an
pcchuded plane that containg the line along the center of
the eotridor and the line formed by the top of the tress.
The intersection of this plane and the celestial sphere is a
great circle. The horizomial plane at the siream surface
alse intersects the cobestial sphere forming a hemisphere
which is the potential field of view of the water surface.
Tapography can aslse affect the view-to-the sky
Similarhy, the same sizs tree can have very differenteffect
an the view-to-the-sky depending on the stream with,

Onily oo a perfectly flat londscaps with no vegetation or -

tapography i it passible to amain a view-to-the-sky of
TP
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Figure G-af, Effects of stream width on view-to-the-sky,

"
L

Stream center
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Figure G-a7. Tlree-dimensional representation of
the sphere of view of 2 walerbody,

C
ansder the hemisphere in quadrants (Figere G-a8), On
wider sireams, quadrants facing the banks may have &
considerabde porticn of the angular view blocked by
vegeiation, while quadrands focing up and downstream
may be guite open. This geomeiry can have an
important effect oo estimations of viewsto-the-sky in
wider channels. The slice of sky viewed by the stream
between ten banks of wees is represenied s the area of
a peometric shaped termed a “June’™ defined by the
angle o {degres:) on a calestial sphere (Figure G-243,
To caleulnte view-1o-lhe-sky, first determine the angle,
e (in degrees) that is opan above the stream (Figare G-
ad). The angle oo may be diecily measured, or
estimated from equation | based an the height of trees
{h} and widih of stream (w).

@ = ArcCos (wf SORT (w45 (1)

The surface area (A) For the lune whose angle is o is:

A= (180-2oc 3600 ()
=amd -y (3
45

The calculation of view-to-the-sky invoelves dividing
the surface aren of the lune above the siream by the
surface area of the entire horizon above the stream
plane.

View-in-the-sky (%)= (3x - =’ M50
u0 {4}
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Figure G-al Conocplas] disgram ol the thre-dimendional
wimw-La-thr-sky Dram Che cesler of & mirsight reszh of Streais

Considering the horzon of wiew, and therefore ¢,
as lnrge, the madiug cancels from the eguation with
division, meking the area of the |[ung primanly
dependent on the angle formed by the tress.  This
simplifies 1o

Viewsto-the-sky (%] = 100 —_10 (5}
3

Several assomptions underlie potential view-to-
the-gky calculations based on geomeiric relationships.
Maximum potential height of native aversiory spacies
is assumed to be the height of Blocking vepetation ().
Potential view-to-the-sky is derermined by making the
above caleulations based an the site as it could be with
mature wegetation {whether shrubs or trees) The
analysl musl assume an appropriabe beight of the forest
stand or shrub commuity that would cccupy the sile
under historic namral conditions. 1t is also assumed
that biocking elements are the same on both sides of
the stream. Bankfoll stream width (w) is asgurmed wo be
the maximum distance between blocking elements on
opposite banks. Calculation of view-lo-the-sky at the
center of the stream iz sufficient 1 adecquaely
represent blocking effects, Althomgh the sides of largsr
streams may be partially shaded while the cemer is
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represent blocking effects.  Althowgh the sides of lasper
streams may be partially shaded while the center is
fully open. beat 15 rapidly mixed in the water column
and the center of the steam §5 Likely o adequately
represend the averape condition. Streams may meander,
This characteristic will mabke Litle diffesence in
astimates of view since small streams are neady folly
closed based on calcolations regasdless of channel
pattern and the horizon effect on large streams is small,

Calculations of potendial view-to-ihe-sky wers
performed via spreadsheet for bankfull widths mnging
from O to 300 feet (Fipure G-a9). Caloulations assumed
effective tree heights of 150 and 300 f2et (shown as
limes), Estimates of view-to-the-sky for old prowih
conifer forest conditions represent the minimum view-
to-the-sky possible for each segment of a given stream
width, Thus the caleulated lines in Figure G-a% should
be minlmums and all points should plot oa or above
the appropriate line for forest beight, Streams that have
had shade removed should plot somewhere between
the mintmuem and 1005% open,

The geometric model provides a minimum 8 1o
the data as expected, including dats from larger rivers

(Figure G-09). Although the maximem height modeied
wis 200-fest, vew-1o-the-iky in old growth foresis
appeared to have a best fit by assuming tree height of
1 50-feer or less, although wees in obd growth or mature
forest stands were undoobiedly taller than this, There
may be several reasons why sireams appesr (o be more
open than calculations sugpest. Mot that the above
formulation asgumes & golid (impenetrable) wall of
trezs. In fact, real tress only  pamially obscure
view-to-the-sky, especially in the upper portion of the
canopy or if vegetation is not dense, In the calcalations
shown in Figure G-a9 thess was no compensation for
opacity of the upper portions of the forest stand, These
resulis suggest that perhaps as mch as 25% of the total
tree height has a significant loss of opacity which was
nol accoundied for in calculations, Thus, view-io-the-
sky calculations using total tree height bias estimates of
ik view o lower vadues than probably naturally
occur. It also appears that 150-ft or 75% total irse
beight iz a better estimator of the blocking effect of
mature eonifers on the wesigide of the Cascades,

Figure G-a®, Calculated result of view-to-sky equations for effective helght egual to 2060t and 150-fi.
Data from TFW sources for wesiside sites is also plotied tocompaire o the vegetation calonlations, Points
labeled “managed™ were collected by TFW cosperators along streams with varions histories of logging in
riparian areas. Sites labeled “0kd Growth were reported to be representative of old growth stamnd
condithons. Lines are labeled sceording to tree height used in the calenlation.
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Conversely, the demsiomeier mesturing
instrument overestimates the openness of the sirsam,
The convex mirror of the instrument i insel inle (he
wood platform on which B s mouned, The
emplacement of the mirror inte the plaform occludes
nearly 30 degrees ot the base of the mirroe, thus
seeing less of the horzen at the base than the stream
wonbd “se=", Although an apporently small amount
when gazing at the instrument, 1his porion represents
a rather laspe aren of the hemisphers above the
stream. As much sz 30% of the ares of 8 bemisphere
lies below 30 degrees on the horizon which would
nat ke measured with the instrument. The larger the
sircam, the greater the affect on measuned view,

However, oversstimation of opepness during
measurement partinlly accounts for real diffecences bn
effectivences of energy transfer arownidl the celestil
sphere.  Energy exchange 15 nol equal around the
hemisphere: it reaches a maximum straight overhead
and declines toward the horizon with the cogine of
the angle according o Lambert’s Law (Mills, 1992).

Algebraically sofving for this factor in the
above calculations for the lune illostrates the
instrument bias (Figurs G-al0), Mote that the
measured view of larger channels is more open to the

Figure G-all, Calculated view -to-the-sky of 150-
it tall irees assuming horizon ot the grownd, and
horizon at 30 degrees above the ground as
measured by spherical densiometers. Alzo shown
are data from Figure G-9 representing old growth
sites and other sites wilth stream widths greater
than 100 Feet,
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gky than predicted by the equations (Figure C-a®),
For larper sireams, the calcilaled view appears 1o be
mose representative of the true condition, and is
repsonably consistent with most obsesvations, In
reality, the effective view-to-the-sky lies somewbere
bevween that calculated uszing eguation 4 amd chat
measured in the field by o spherical densiomester
Thiz snalysis uses the calcopted view recogmizing
that it underestimates the scual view-io-the-sky,

The stream's wiew of the hemisphers of the sky
above it depends en dbe height and light filtering
capacity of objecls  blocking  that  view.
View-to-thesky is therefore a function not oaly of
the width of the stream but also of factors that
comlred the height and density (Figure G-all). To
compengate for the gaps in vepetstion cover, as
wiewed sidewnys from the stream. the analysi can
take severnd sleps which funber improve the
calculation.  Since mam wees are full in the
emid-canapy, but less than opaque in the tree-tops, the
analysl can translate that partial opacity iote an
cffective tres beight.

He = H* % opacity {6)

A 120-foot Dougles-fir might be T0% opagse.
The effecuve tree heaght would then be Bd fees

View-1o-the-sky can he calculated by the same
formula given above, but substituting effective tree
height H, far H. An sdditicnal comection may be
neaded il the wrees are sparse, for example in
east-side silustions where there ame substantinl paps
betwesn trees. Use of an opacity factor should be
based on field esimawes from ceference site and
shoald be ignened if thess are not availztble

Figure G-all, Conceplual view of opacily factor
wecounting for openness of stand.

He = effective tree height
H = tatal tree height

G-appead- 9
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Estimaied temperatare pased on view-to-the-
E]ﬁl_'_ Dain on which the lemperatife Screen Wwas
developed from the TFW temperature stody (Sullivan
e al. [991) was vsed o develop a relafonship
betwesn view-to-the-sky and mesismum lemperalure.
In Figure G-a3, the line representing the temperature
screen  approximaoles  the  relabonship  between
elevanon  and  wview-to-thesky where  water
iempernture is equal to 16°C.  Coposptually, the
distance each point is away from the line for o given
elevation should reflect the distance tempersure is
likedy o vary from the reference. Thus, the difference
betwesn existing or polential view-1o-he-sky and the
scieen reference view-lo-the-sky can bs translatsd fo
waler lemperature as shown in Figore G-alZ

The TFW temperature study proveded a mube of
thumb estimate that 10% chanpe i wiew-io-the-sky
results g0 06°C (I°FL Analysis of Fipure G-al2
allows recalibration of this relatienship o 0.7 °C
{1.3°F). The relationship plotied m Figure G-all was
reformatied for eass of use in waier qaality module
calculations in Figure G-al },

‘Thizs approach to  calculatinp —maximum
termpersture has bewter predictive capability than
linear repression of view-lo-the-sky and temperaturs
(R'=.34). The method can be easily applied at the
waershed scale using potential or existing view-io-
the-sky. The analysis should provide a generalized
perspective of temperiore ad that scabe, slthough it i
peotably impreciss in locating exact tempEratore
profiles.

Results supgest that this simple appeoach o
estimating water temperature should provide & fsst
approximatation of annual maximam iemperatace af
the wotershed scale, There is scamer in e
relationshkip (Figure G-alY) and the water quality
analyst should uge care in interpreting modeled
resulis in comparison with measared reslts, Since
the model works measonably well for exploining
measured temperaturs patterns in relation to riparian
vegetation, it should provide reascnable estimates of
modeled temperature based on estimates of potential
veew caleulsted from fpardan geometry,

Appeudiver fo Vediv Jualire Moadaie

Figure G-all. Annual maximum lemperature in
relation to the DifTerence in view-to-the-sky
between potential and allowable based on the
temperalure screen.

Temp = 0.08 * Difference +16.8
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Figure G-al3. Simple model for predicting
annnal maximum temperntore in weslern
Washinglon based on view-to-the-sky and
elevation.
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